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Abstract 
This work analyses entropy generation in composite walls which lose heat with both convection and radiation, 
simultaneously. Temperature-dependent thermal conductivities and internal heat generations are assumed for both 
materials. The nonlinear system of differential equations is solved with the differential transformation method (DTM) 
which is a semi-analytical technique. The temperature and entropy generation data derived from the DTM are 
validated against analytical solution for convective composite walls with temperature-independent thermal 
conductivities and internal heat generations. In the view of the fact that composite walls are one of the classical 
examples in many scientific communities, the local and total entropy generations presented in this study can be useful 
addition for many scientific and engineering fields where one wants to minimize the irreversibility of the system. 
Keywords: Entropy generation; Asymmetric cooled composite walls; Variable thermal conductivity; Radiation; Analytical solution. 
1. Introduction 
Composite media such as composite walls or cylinders have extensively been used in both scientific 
research and industry. They can bring about different thermo-physical characteristics within one system 
since they allow us to integrate different materials in the system. From another point of view, the entropy 
generation in a pure heat conduction process depends on the temperature distribution in the solid which in 
turn depends on thermo-physical properties of the medium, internal energy generation, and the thermal 
conditions imposed at the boundaries of the medium. In an early investigation, Bisio [1] studied entropy 
generation in one-dimensional transient conduction in a system with time-dependent thermal boundary 
conditions. Recently, Aziz and Khan [2] investigated the minimum entropy generation within walls, 
cylinders and spheres. Also, Torabi and Aziz [3] solved the problem of entropy generation within 
convective-radiative cylinders with the aid of differential transformation method (DTM). In this work, the 
 
* Corresponding author. 
E-mail address: Torabi_mech@yahoo.com (M. Torabi). 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
464   Mohsen Torabi and Kaili Zhang /  Energy Procedia  61 ( 2014 )  463 – 467 
DTM is used to analytically solve the problem of temperature distribution in convective-radiative 
composite walls and then the obtained temperature field is incorporated into the entropy generation 
formulations to evaluate the local and total entropy generations within the walls. Composite walls are one 
of the classical geometries in many fields, especially in the field of conduction heat transfer, and therefore 
it is believed that this work can be useful for many systems where there is a need for entropy generation 
rate to be optimized within the system. The detail analysis with the DTM will not be elaborated here and 
interested readers may look into recently published articles [4–6]. 
2. Problem Statements 
A composite wall of thickness ix  for the left part and thickness iL x  for the right part as illustrated in 
Fig. 1 is considered here. The left part of the composite wall is made of a material with linear 
temperature-dependent thermal conductivity 1k  and the right part with a linear temperature-dependent 
thermal conductivity 2k . The composite wall is experiencing internal heat generations which are 
temperature-dependent and different in each of those materials. With the introduction of the following 
dimensionless parameters 
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the steady temperature in the composite wall is governed by the following one-dimensional equations 
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with the following boundary conditions 
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3. Entropy Generation 
With the introduction of dimensionless variables defined by Eq. (5), the dimensionless local volumetric 
entropy generation rate sN  is given by 
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(11) 
and the total dimensionless entropy generation rate tN  is given by 
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4. Analytical Solution for a Special Case 
For the case of constant thermal conductivities, i.e., 1 2 0E E  , constant internal heat generations, i.e., 
1 2 0D D  , and negligible radiation from the outside surfaces, i.e. 1 2 0Nr Nr  , Eq. (6) admits the 
following closed form analytical solution 
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The four constants will be calculated analytically using boundary conditions which are given in Eq. (7). 
Again, using Eqs. (11) and (12) the local and total entropy generations rates can be easily obtained. 
 
Fig. 1. Configuration of composite convective-radiative cooling 
walls 
 
Fig. 2. Comparison of temperature distribution obtained from 
the DTM (solid line) and analytical solution (circle). 
 
5. Results and Discussion 
Figures 2 and 3 illustrate the temperature distribution and local entropy generation for a composite slab 
with parameters values specified within the figures, respectively. It can be seen that the DTM results are 
in excellent agreement with the analytical solution, which confirms the validity of the DTM. After 
validation, the value of total entropy generation is calculated with radiation effects on both left and right 
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surfaces, which cannot be done with exact analytical procedure. Figure 4 depicts the value of total 
entropy generation within the composite slab with various values for convection-conduction parameters 
on both sides of the wall. As it can be observed from this figure, for the selected parameters values, the 
total entropy generation rate increases with an increase in the value of either convection-conduction 
parameter on the left side of the slab or convection-conduction parameter on the right side of the slab. 
 
Fig. 3. Comparison of local entropy generation obtained from 
the DTM (solid line) and analytical solution (circle). 
 
Fig. 4. Variation of total entropy generation with convection-
conduction parameters on both sides of the wall. 
 
6. Conclusions 
Temperature distribution, local and total entropy generation rates were calculated for composite walls 
with convection-radiation effects. It was found that increasing the value of each convection-conduction 
parameters causes an increase in the value of total entropy generation within the slab. More importantly, 
it was shown that the DTM can overcome nonlinear system of equations which appears in the thermal 
analysis of the composite media and subsequently can be used as a powerful tool to calculate 
irreversibility of composite systems based on entropy generation formulations. 
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